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LIMITED BACKFLOW REFLUX VALVE 

FIELD OF THE INVENTION 

The present invention relates to valve mechanisms for 
injection of ?uid into animals through a catheter. 

BACKGROUND OF THE INVENTION 

In many medical environments. :1 medical ?uid is injected 
into a patient during diagnosis or treatment. One example is 
the injection of contrast media into a patient to improve CT, 
Angiographic. Magnetic Resonance or Ultrasound imaging. 
using a powered. automatic injector. The contrast media 
used in these applications is typically expensive and there 
fore is preferably conserved to the extent possible. ‘ 

During injections of this kind. it is typical for the injector 
operator to ?rst mount a syringe to the injector and ?ll the 
syringe with contrast media from a separate bulk contrast 
media container. Then, one end of a translucent tribe is 
coupled to the syringe, and the other end of the tube is 
connected to a needle or cathetm' and inserted into the 
patient. permitting subsequent injection of contrast media 
into the patient. 

Often. during the procedure. the operator brie?y with 
draws blood from the patient into the catheter to check for 
patency of the catheter. by running the injector backward to 
withdraw blood from the catheter or needle and into the 
translucent tube. If blood is visible in the catheter after this 
brief withdrawal. the operator can con?rm that the needle or 
catheter is not obstructed. for example by blood clots. 
Thereafter, the operator proceeds with the injection. by 
running the injector forward to force contrast media from the 
syringe into the patient. 

In angiographic applications. often small injections of 
contrast media are made during ?nal positioning of the 
catheter, in order to visualize the vasculature of the patient 
and position the catheter in relation to that vasculature. 
(Small contrast media injections are necessary because the 
catheter is not visible under ?uoroscopy.) 
One di?iculty with the procedures described above is the 

need to decide. early in the process, the amount of contrast 
media to place in the syringe. For safety reasons. any 
contrast media remaining in the syringe after an injection 
cannot be reused on another patient. Therefore, due to the 
cost of contrast media. it is desirable to ?ll the syringe with 
only the amount of contrast media that is needed for the 
injection. Unfortunately, this amount is di?icult to predict 
accurately. overestimation of the needed amount results in 
wasted contrast media. Underestimation requires that the 
syringe be re?lled; this involves disconnecting the syringe 
from the tube. connecting the syringe to the bulk contrast 
media container, withdrawing additional contrast media into 
the syringe. and then reconnecting the syringe to the tube. 
This re?lling operation is not only tedious, but it also creates 
safety hazards due to the possible introduction of air into the 
catheter during disconnection and re-connection, and pos 
sible exposure of the operator and/or contamination of the 
bulk container by contrast media in the syringe which has 
potentially been exposed to the patient’s blood. 

Another di?iculty arises during catheter positioning, 
when maldng small injections of contrast media to aid in 
visualizing the vasculature of the patient. To preserve 
sterility. the physician typically does not directly operate the 
power injector. but must orally communicate commands to 
the injector operator; this can be di?icult to coordinate 
because the physician is simultaneously manipulating the 
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2 
catheter and watching the ?uoroscope. Furthermore. some 
power injectors for injecting contrast media are designed for 
high ?ow rate injedions and cannot be precisely controlled 
for small volume injections. As a result, when using these 
injectors often more contrast than necessary may be con 
sumed during catheter positioning. 

SUMMARY OF THE INVENTION 

In accordance with the invention, these di?iculties in 
using and re?lling a contrast media injector and syringe are 
avoided by including a limited back?ow re?ux valve 
between the syringe. tubing. and bulk container of injection 
?uid. This valve includes one inlet port. one outlet port. and 
a third. bi-directional port. A ?rst check valve permits ?uid 
?ow only from the inlet port to the bi-directional port. and 
a second check valve permits ?uid ?ow from the 
bi-directional port to the outlet port. 
The inventive re?ux valve is connected between a 

syringe. catheter, and bulk container of ?uid. by attaching 
the bulk contrast media container to the inlet port. the 
catheter to the outlet port, and the syringe to the 
bi-directional port. Thus. the re?ux valve permits injection 
of ?uid into the patient from the syringe and re?lling of the 
syringe from the bulk container, without disconnection of 
any tubing and Without risk of contamination of the bulk 
contrast media container. 

The inventive re?ux valve also permits the withdrawal 
step described above; speci?cally. the second check valve 
between the bi-dr‘rectional and outlet ports is a limited 
back?ow check valve which permits a limited volume of 
?uid to back?ow into the outlet port, but prevents any 
further back?ow into the outlet port after this limited vol 
ume. This limited volume is su?icient to pmmit blood to 
become visible in the tubing during withdrawal from the 
patient. 
A limited back?ow re?ux valve in accordance with the 

invention, when used in contrast media injection. permits 
both withdrawal of blood from the patient and re?lling of the 
syringe from the bulk contrast media container, without 
requiring disconnection of the catheter from the patient and 
without risk of contamination of the syringe or bulk 
container, or introduction of air. This inn-eases the e?iciency 
of the injection process and also enhances its safety. 
Furthermore, because the syringe can be re?lled by simply 
running the injector backward to withdraw ?uid. through the 
limited back?ow re?ux valve, from the bulk contrast media 
container, the operator is less likely to intentionally overes 
timate the amount of contrast media needed for an injection, 
thus reducing waste of contrast media. 

In various speci?c embodiments of the invention. the 
limited bacldlow check valve is a piston ?tted in a cylinder 
for translation through the cylinder during forward and 
reverse injection of ?uid. One end of the cylinder carries the 
inlet port and bi-dr'rectional port. and the opposite end 
cylinder carries the outlet port. 

In one speci?c embodiment, the circumferential boundary 
of the piston is cupped to permit ?uid ?ow around the piston 
and out through the outlet port, but prevent ?uid ?ow around 
the piston into the re?ux valve through the outlet port In a 
speci?c enhancement of this embodiment. the re?ux valve 
includes a hand-actuatable plunger. attached to the piston of 
the limited back?ow check valve, and extending outside of 
the cylinder. This hand-actuatable plunger may be used to 
move the piston by hand and thereby manually pump small 
amounts of contrast media into the patient to assist in 
positioning the catheter. Since the re?ux valve is sterile, the 
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plunger can be manipulated by the physician to manually 
inject contrast media into the patient during catheter 
positioning. simplifying this procedure and also enabling the 
physician to inject precisely controlled volumes of contrast 
media (equal to the displacement of the piston in the 
cylinder). 
The hand-actuatable plunger may be locked in placed by 

a suitable locking mechanism. so that the motion of the 
piston can be limited during power injection using the re?ux 
valve. One speci?cally disclosed locking mechanism 
includes teeth molded into the plunger which mate with a 
single tooth on a movable locking member. By engaging this 
locking member. movement of the plunger can be prevented 
or limited to a small range so as to prevent or limit the 
amount withdrawn through the outlet port. 

In an alternative embodiment. the cylinder is enlarged at 
the end adjacent the outlet port. permitting ?uid ?ow around 
the piston when the piston is at this end of the cylinder. At 
any other position in the cylinder. the piston seals against the 
walls of the cylindm'. preventing ?uid ?ow around the 
piston. An elastic member produces spring tension tending 
to draw the piston out of the enlarged region of the cylinder, 
thus ensuring a seal whenever pressure is equalized and ?uid 
is not ?owing around the piston. 

In either of these embodiments. the housing may include 
ribs which extend from the end of the housing adjacent the 
outlet port. and engage the piston to prevent the piston from 
translating fully to this end of the cylindrical housing. 
ensuring free ?ow of ?uid around the piston while the piston 
is at this end of the housing. 

In yet another speci?c embodiment of the invention. the 
limited back?ow re?ux valve includes a gate mounted for 
rotau'on within the re?ux valve housing. The gate rotates in 
a ?rst direction to permit unlimited ?uid ?ow out of the 
housing through the outlet port. and in an opposite direction 
through a limited angle to permit a limited volume of ?uid 
?ow into the housing through the outlet port. A spring 
member urges the gate to a predetermined angular position 
within the housing to seal the second check valve in the 
absence of ?uid ?ow out of the outlet port. 

Other aspects of the invention include a complete pow 
ered ?uid injection system including a powered injector. a 
bulk container of ?uid. and a catheter coupled through the 
above-described limited back?ow re?ux valve. 

Another aspect is a contrast media delivery system in 
which a bulk container of contrast is coupled to a limited 
back?ow re?ux valve such as described above. 
An additional aspect is the above-described methods for 

injecting ?uid into a patient using the limited back?ow 
re?ux valve. 
The above and other aspeas. objects and advantages of 

the present invention shall be made apparent from the 
accompanying drawings and the description thereof. 

BRIEF DESCRIPTION OF THE DRAWING 
The accompanying drawings. which are incorporated in 

and constitute a part of this speci?cation. illustrate embodi 
ments of the invention and. together with a general descrip 
tion of the invention given above. and the detailed descrip 
tion of the embodiments given below. serve to explain the 
principles of the invention. 

FIG. 1A is a partial cross-sectional view of a limited 
back?ow re?ux valve including a plunger and plunger lock 
in accordance with principles of the present invention. 
shown with the plunger and piston at their rearwardrnost 
positions. 
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4 
FIG. 1B is a view of the limited back?ow re?ux valve of 

FIG. 1A shown with the plunger and piston at their forward 
most positions. 

FIG. 1C is a partial view of an alternative embodiment of 
teeth 35 and 350. 

FIG. 1D is a cross-sectional view of the valve of FIG. 1A 
taken on lines 1D—-1D. 

FIG. 2A is a cross-sectional view of a second embodiment 
of a limited back?ow re?ux valve in accordance with 
principles of the present invention. shown with the piston at 
its rearwardmost position. 

FIG. 2B is a view of the limited back?ow re?ux valve of 
FIG. 2A shown with the piston at its forwardmost position. 

FIG. 2C is a cross-sectional view of the valve of FIG. 2A 
taken on lines 2C-—2C. 

FIG. 3A is a schematic isometric view of a third embodi 
ment of a limited back?ow check valve in accordance with 
principles of the present invention. shown with the gate at its 
rearwardmost position. 

FIGS. 3B is a schematic views of the limited bacldlow 
check valve of FIG. 3A shown with the gate at the position 
achieved in the absence of ?uid ?ow. and FIG. 3C is a 
schematic view of this valve shown with the gate at the 
position achieved during forward ?uid ?ow. 

FIG. 3D is an elevation view of the axle and spring 
assembly of the valve of FIGS. 3A—3D. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

Refen'ing to FIGS. IA. 113. 1C and ID. a limited back?ow 
re?ux valve 10 in accordance with principles of the present 
invention includes three ports for ?uid ?ow into and out of 
the valve 10. Outlet port 12 includes a standard luer ?tting 
sized for connection to the tubing leading to a catheter (not 
shown). Inlet port 16 is sized for connection to a syringe of 
a power injector of the type used to inject ?uid into the 
patient. Bi-directional port 14 is sized for connection to a 
bulk container of contrast media via suitable tubing. 

Valve 10 includes a main cylindrical housing section 18. 
and a second cylindrical housing section 20 having a smaller 
diameter than main housing section 18.Apiston 22 is seated 
in main housing section 18 and may slide transversely 
through this section as shown in FIG. 1A in comparison to 
FIG. 1B. Piston 22 is mounted to a plunger 26 by insertion 
of an extension 27 at the rear of piston 22 into a recess 28 
in plunger 26. Seated between piston 22 and plunger 26 is 
a sealing ring 24 which encircles the outer edge of piston 22 
and engages the circular inner wall 29 of housing section 18 
to form a ?uid seal therewith. 

Sealing ring 24 is manufactured of a resilient material 
such as rubber and is cupped at its peripheral rim; 
accordingly. under ?uid pressure ring 24 will resiliently 
yield to permit ?uid to ?ow from the rear side of ring 24 (the 
side ?'om which plunger 26 extends) to the forward side of 
ring 24 (the side having the body of piston 22). However. if 
?uid pressure is removed or reversed. sealing ring 24 will 
re-engage the cylindrical wall 29 of section 18 and will form 
a ?uid-tight seal preventing ?uid ?ow in the opposite 
direction from the forward side of ring 24 to the rearward 
side of ring 24. Thus. ring 24. interacting with the cylindrical 
wall 29 of housing section 18. forms a check valve permit 
ting forward ?uid ?ow toward outlet port 12 but preventing 
reverse ?uid ?ow. 

Plunger 26 extends rearwardly through housing section 
20. emerges from housing section 20. and terminates in a 
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thumb grip 30. Centrally located along the length of plunger 
26 is a pair of sealing rings 32 which engages the inner 
surface 31 of housing section 20 to form a seal therewith and 
prevent ?uid from escaping from housing section 20. Hous 
ing section 20 has. on its outer sides, ?nger grips 34. Grips 
30 and 34 are sized and positioned so that a physician’s 
?ngers may be placed in grips 34 and the thumb from the 
same hand placed in grip 30. so that plunger 26 may be 
manually driven into or retracted from housing sections 18 
and 20. 

The exterior surface of plunger 26. rearward of sealing 
rings 32. carries a number of teeth 35. which extend from 
plunger 26 along a substantial portion of the length of 
plunger 26. However. a rearwardmost auto withdrawal zone 
33 of plunger 26 does not bear any teeth. for reasons that will 
be noted below. 
At the rearward end of housing section 20, a twist-lock 37 

is journalled to a ?ange 38 on housing section 20. Twist-lock 
37 carries one or more teeth 35a (one being shown in the 
Figures) which can be rotated such that the tooth or teeth on 
twist-lock 37 mate to and engage the teeth 35 on plunger 26. 
Accordingly, by rotating twist-lock 37, plunger 26 may be 
locked in a given axial location or left free to slide axially 
within housing section 20. A torsion spring 37a may be 
included in the journalled connection between twist-lock 37 
and housing section 20. producing a force tending to rotate 
twist-lock 37 into engagement with teeth 35 on plunger 26 
and thereby lock plunger 26 in place. In one embodiment of 
the invention, a snap-?tting (not shown) may be included in 
the twist-lock 37 to permit the twist-lock 37 to be rotated and 
held in its unlocked position against the force of the torsion 
spring 37a. 

In the embodiment shown in FIG. 1C. teeth 35 and 35a 
are barbed. such that twist-lock 37 will not prevent forward 
motion of plunger 26 within the housing of syringe 10. but 
will prevent rearward motion of plunger 26 within the 
housing. 
The various uses and advantages of these different twist 

lock embodiments will be noted below. 
Inlet port 16 is in ?uid communication with the interior of 

housing sections 18 and 20 through a check valve barrel 36. 
Barrel 36 communicates with the interior of housing section 
20 at a position which is always forward of sealing rings 32 
even when piston 22 and plunger 26 are at their forwardmost 
positions (FIG. 1B). This position is also always rearward of 
sealing ring 24 even when piston is at its rearwardmost 
position (FIG. 1A). 
A check valve ball 39 is positioned inside of barrel 36. A 

spring 40 is compressed inside barrel 36 with ball 39 to 
produce a positive force urging ball 39 toward the outer wall 
41 of barrel 36. Barrel 36. ball 39 and spring 40 cooperate 
to form a check valve which permits ?uid ?ow through inlet 
port 16 into the housing of valve 10 but prevents ?uid ?ow 
through inlet port out of the housing of valve 10. 

Bi-directional port 14 is also in ?uid communication with 
the interior of housing section 20 via a channel 42. Channel 
42 communicates with housing section 20 at a position 
opposite to barrel 36. Le, at a position which is always 
forward of sealing rings 32 even when piston 22 and plunger 
26 are at their forwardmost position (FIG. 1B) and which is 
always rearward of sealing ring 24 even when piston 22 is 
at its rearwardmost position (FIG. 1A). 

Housing section 18 terminates. at its forward end, in a 
conical end cap 44 having a shape which is congruent to the 
conical piston 22. Positioned within end cap 44 are spacer 
ribs 46 which project inwardly from the conical surfaces of 

10 

6 
end cap 44. Four such ribs 46 are shown in FIG. 1D although 
fewer or more ribs could be included When piston 22 
advances to its forwardmost position as shown in FIG. 1B. 
the conical front surface of piston 22 rests against ribs 46. 
leaving a circumferential gap between the conical front 
surface of piston 22 and the conical interior surface of end 
cap 44 through which ?uid may ?ow into outlet port 12. 

Housing section 18 terminates. at its rearward end. in a 
second conical end cap 48 which mates with a conical 
surface on plunger 26. Unlike the interior surface of end cap 
44, the interior surface of end cap 48 does not carry ribs or 
spacers. so that when the plunger is translated to its fully 
rearward position. the conical surface of plunger 26 may 
mate fully with the conical interior surface of end cap 48 to 
form a ?uid-tight connection. 

The above-described limited back?ow re?ux valve 10 
' may be used in a number of different ways to perform an 
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injection procedure, some of which are described below for 
exemplary purposes. These procedures will be described 
with reference to the injection of contrast media into an 
animal patient for the purpose of improving CT. 
Angiographic. Magnetic Resonance or Ultrasound imaging. 
Due to the cost of contrast media. the advantages of the 
invention are particularly dramatic in such injections; 
however. numerous other similar injection procedures could 
be performed using the above-described valve 10 with like 
effects. 

In the injection procedure. a ?rst step is to ?ll the syringe 
on the power injector with contrast media for the injection. 
This step is performed by coupling a bulk container of 
contrast media (such as a bag, cup, or bottle) to inlet port 16. 
and coupling the syringe to bi-directional port 14. Then, the 
power injector is run in reverse to withdraw air and ?uid into 
the syringe. This reduces the pressure inside of housing 
section 18 and 20 in the region forward of sealing rings 32 
and rearward of sealing ring 24. The cupped shape of sealing 
ring 24 causes sealing ring 24 to maintain a tight seal against 
housing section 18. preventing air from passing sealing ring 
24. 

If the frictional force of sealing ring 24 is su?iciently 
small. the pressure drop produced by reverse opera 
tion of the power injector will cause piston 22 and plunger 
26 to move rearwardly through housing sections 18 and 22 
toward the position shown in FIG. 1A. Piston 22 and plunger 
26 will be driven in this direction due to the lower cross 
sectional area of housing section 20 as compared to housing 
section 18. This force will continue to act until piston 22 and 
plunger 26 have translated to their fully rearward position 
shown in FIG. LA. at which time piston 22 and plunger 26 
will cease motion. 

Ftu'ther pressure reduction caused by continued reverse 
operation of the power injector will overcome the compres 
sion force produced by spring 40. and cause ball 39 to 
withdraw from the outer end of check valve barrel 36. 
allowing air and ?uid to ?ow from the bulk contrast media 
container into inlet port 16. through the housing of valve 10, 
and out of bi-directional port 14 into the syringe. Thereafter. 
continued reverse operation of the power injector will cause 
contrast media from the bulk container to ?ll the power 
injector ‘syringe. 

It should be noted that if the motion of piston 22 and 
plunger 26 are impeded. either by high friction between 
sealing ring 24 and housing section 18. or because twist-lock 
37 has been rotated to engage with teeth 35 on plunger 26. 
then piston 22 and plunger 26 will not move before air and 
?uid are admitted into valve 10 through inlet port 16. 
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However. sealing ring 24 is con?gured for low-friction 
operation so that plunger 26 will be drawn rearwardly prior 
to the introduction of ?uid through inlet port 16. 
Furthermore. before ?lling the syringe through valve 10. 
plunger 26 should be retracted to its rearwardmost position, 
or alternatively twist-lock 37 should be rotated and snapped 
or manually held in its disengaged position. so that piston 22 
and plunger 26 will translate to the position shown in FIG. 
1A prior to the introduction of ?uid through inlet port 16. 

In one embodiment. valve 10 is supplied ?om the manu 
facturer with plunger 26 already in its fully-rearward posi 
tion. In this case. it is unnecessary to move plunger 26 to its 
rearwardmost position or to snap or manually hold twist 
lock 37 in its disengaged position during ?lling 
through valve 16. (Since valve 10 comes in contact with 
blood from the patient. it must be disposed after use; 
therefore. the valve 10 will only be used for one re?lling 
procedure. and so if valve 10 is supplied with plunger 26 in 
its fully rearward position. the plunger 26 will be in this 
position during ?lling.) 
As a ?nal aside. it should be noted that if barbed teeth 

(FIG. 1C) are used. and valve 16 is supplied from the 
manufacturer with plunger 26 in its rearwardmost position. 
the valve 10 need not be provided with a snap for holding 
twist-lock 37 in its disengaged position. since in such a case 
all procedures requiring disengagement of twist-lock 37 are 
performed manually. and in such cases twist-lock 37 can be 
easily manually disengaged by hand in a manner described 
below. 
When the desired amount of contrast media has been 

drawn through valve 10 and into the syringe. the backward 
motion of the power injector is terminated. At this instant, 
the pressure inside of valve 10 is equalized, and as a result 
the compression force of spring 40 forces ball 39 to engage 
to the outward end of check valve barrel 36. sealing inlet 
port 16 from the interior of valve 10. 

After thus ?lling the power injector syringe. a length of 
high pressure tubing. for connection to the catheter. is 
attached to the outlet port 12 of valve 10. The power injector 
is then run forward to force any air in the syringe into valve 
16 and out through the high pressure tubing. During this 
operation the power injector is typically tilted upwards so 
that any air in the power injector syringe moves to the nozzle 
of the syringe. Hrrthermore it is preferred that valve 10 be 
tilted upward so that outlet port 12 is elevated relative to the 
remainder of valve 10 so that gravity causes any air bubbles 
entrained in valve 10 to move to and out of outlet port 12. 
As the power injector forces air and contrast media into 

valve 10 through port 14. a positive pressure is produced 
inside of housing sections 18 and 20 in the region forward 
of sealing rings 32 and rearward of sealing ring 24. This 
positive pressure tends to increase the sealing pressure on 
ball 39 enhancing the seal at inlet port 16. Furthermore. due 
to the di?erent cross-sectional areas of housing sections 18 
and 20. this positive pressure genu'ates a forward force upon 
piston 22 and plunger 26 urging piston forwardly toward the 
position shown in FIG. 1B. The outward resilient force of 
the cupped outer pa'imeter of sealing ring 24 is su?iciently 
large that this positive pressure differential will cause piston 
22 and plunger 26 to move forwardly to the position shown 
in FIG. 1B. provided twist-lock 37 does not prevent such 
motion. 

For reasons noted below. it is desirable for the piston 22 
and plunger 26 to move to the forwardmost position shown 
in FIG. 1B by the end of the setup procedure and before 
injecting ?uid. Accordingly. the outward resilient force of 
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8 
the cupped outer perimeter of sealing ring 24 is su?iciently 
large that piston 22 will move forward if not impeded by 
twist-lock 37. If barbed teeth (see FIG. 1C) are used on 
twist-lock 37. then plunger 26 will freely translate in the 
forward direction regardless of whether twist-lock 37 is 
disengaged. However. if the teeth 35 and 35a are not barbed 
(see FIGS. 1A and 1B). then twist-lock 37 should be held 
open during bubble removal to permit plunger 26 to 
move to its forwardmost position. 

After piston 22 and plunger 26 reach their forwardmost 
positions shown in FIG. 1B. further forward motion of the 
power injector increases pressure inside of valve 10. ulti 
mately overcoming the resilient force produced by sealing 
ring 24 and permitting air and contrast media to ?ow around 
piston 22 and into conical end cap 44 and out of outlet port 
12 into the tubing connected thereto. 

After su?icient forward motion of the power injector, all 
air in the syringe. valve 10 and tubing can be expelled. so 
that the system is prepared for use in injection. Accordingly. 
the tubing at outlet port 12 may be connected to the catheter 
and the catheter inserted into the patient. 
As noted above. in some injection procedures. it is 

desirable to inject a small amount of contrast media to aid in 
visualizing the vasculature of the patient and positioning the 
catheter. To permit this operation. twist-lock 37 is disen 
gaged to permit free movement of plunger 26 and piston 22. 
Then. to perform a small-volume injection. the physician or 
technician grasps valve 10 with his/her thumb and two 
?ngers using grips 30 and 34. and manually moves plunger 
26 and piston 22 rearwardly and forwardly to pump small 
amounts of contrast media through the catheter and into the 
patient. For this operation. twist-lock 37 must be 
disengaged, which can be done by rotating twist-lock 37 
with a third ?nger on the same hand used to grasp grips 30 
and 34. 
When piston 22 is manually urged rearwardly. a positive 

pressure is developed inside the housing of valve 10 in the 
region rearward of sealing ring 24. When this pressure 
reaches a su?icient level. it overcomes the resilient force 
produced by the cupped exterior of sealing ring 24. permit 
ting contrast media to ?ow around piston 22 from the 
rearward side of sealing ring 24 to the front side of sealing 
ring 24. Thereafter. when piston 22 is manually urged 
forwardly, a positive pressrn'e is developed inside of valve 
10 in the region forward of sealing ring 24. This positive 
pressure enhances the seal of sealing ring 24, such that no 
?uid may ?ow around sealing ring 24. Accordingly. when 
the pressure reaches a level greater than the patient’s blood 
pressure, contrast media is injected from the portion of valve 
10 forward of sealing ring 24 into the patient through the 
catheter. At the same time. as piston 22 moves forward, a 
negative pressure is developed in the portion of valve 10 
rearward of sealing ring 24. This negative pressure eventu 
ally overcomes the compression force of spring 40. such that 
additional contrast media is supplied to valve 10 through 
inlet port 16. 
Through the above interactions. contrast media may be 

injected into the patient in small. measured quantities by 
repeated forward and reverse motion of plunger 26. 

After the catheter has been propmly positioned. a large 
scale injection of contrast media may be performed by 
activating the power injector. Doing so will cause contrast 
media to ?ow into valve 10 through bi-directional port 14. 
initially translating piston 22 to its forwardmost position (if 
twist-lock 37 is disengaged or has barbed teeth) and there 
after forcing ?uid ?ow around sealing ring 24. (Once sealing 
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ring 24 has been de?ected by forward ?ow of ?uid through 
valve 10. the cross-sectional area of the gap between sealing 
ring 24 and the interior of housing section 18 is larger than 
the cross-sectional area of the syringe nozzle and tubing; 
thm'efore. valve 10 does not produce any substantial resis 
tance to ?uid ?ow at even high ?ow rates.) 
As noted below, it may be desirable for plunger 26 to be 

placed in its fully-forward position during an injection 
procedure. If barbed teeth are used. such positioning will be 
automatically achieved from the natural motion of plunger 
26 in response to ?uid pressures in the valve 10. However. 
if barbed teeth are note used, plunger 26 must be manually 
moved to its fully-forward position. or twist-lock 37 must be 
disengaged dining injection so that plunger 26 naturally 
moves forward in response to ?uid pressures in the valve 10. 

It may be desirable to position plunger 26 at its fully 
forward position because, at any time during the injection 
procedure. the physician may wish to extravasate blood 
through the catheter and into the tubing to check for patency 
of the catheter. To do so, the physician operates the power 
injector in reverse, producing a negative pressure inside of 
the syringe. If piston 22 and plunger 26 are at their forward 
most position. they will respond to this negative pressure by 
moving rearwardly (in the same manner as discussed above 
with respect to initial ?lling of the syringe). drawing blood 
out of the patient and into the catheter. When blood becomes 
visible in the tubing. it can be confirmed that the catheter is 
not blocked 

During this withdrawal procedure. twist-lock 37 should 
be in position to engage with the teeth 35 on plunger 26. 
However, since there are no teeth in the auto-withdrawal 
zone 33 of the plunger 26, if plunger 26 is fully forward at 
the beginning of withdrawal. twist-lock 37 will be unable to 
engage plunger 26. and plunger 26 will be able to move 
rearwardly out of the housing of valve 10 for a distance 
equal to the length of the auto-withdrawal zone. ‘Thereafter, 
twist-lock 37 will engage teeth 35 in plunger 26 and prevent 
further movement. Thus. if plunger 26 is in its forwardmost 
position during injection. a controlled, limited volume of 
blood can be withdrawal from the patient before engagement 
of the twist-lock 37. Thereafter. twist-lock 37 will engage 
the teeth on plunger 26 and prevent further withdrawal, so 
that further rearward motion of the power injector will not 
withdraw blood, but rather will draw ?uid into valve 10 
through inlet port 16 in the manner discussed above with 
respect to ?lling the syringe. 

Thus. the twist-lock 37, interacting with plunger 26. 
causes a predetermined quantity of ?uid (e.g., 2 ml) to be 
withdrawn from the patient by operation of the power 
injector, without the need for highly accurate operation of 
the power injector. This predetermined quantity can be 
selected to be less than the total volume of the tubing and 
catheter, such that blood is unable to reach valve 10, 
preventing contamination. However. even if blood is 
allowed to reach valve 10. because sealing ring 24 is tightly 
sealed to the interior of housing section 18 during 
withdrawal. any blood withdrawn from the patient into valve 
10 is contained within valve 10 in the region forward of 
sealing ring 24, avoiding contamination of either the power 
injector syringe connected to port 14 or the bulk contrast 
media container connected to port 16. 

For reference, a typical small catheter for a non 
angiographic procedure is about 3 inches long and 0.02 
inches inside diameter. resulting in a volume of 0.015 ml 
captured in the catheter. A typical small catheter for an 
angiographic procedure is about 10 inches long and 0.03 
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inches inside diameter. resulting in a volume of 0.116 ml 
captured in the catheter. A typical large catheter (for 
angiography) is 40 inches long and 0.05 inches inside 
diameter, resulting a volume of 1.287 ml captured in the 
catheter. Thus. for these typical sizes. an withdrawal of 2 ml 
of blood from the patient would be suf?cient for blood to 
appear in the tubing leading to the catheter. 
At any time during an injection. it may be discovered that 

there is insu?icient contrast media remaining in the syringe 
to complete the procedure. In such a case. the technician 
need only operate the syringe in reverse, which (possibly 
after withdrawal of a limited volume of blood into the 
catheter) will cause additional contrast media to ?ow from 
the bulk container through inlet port 16 and re?ll the syringe. 
Thus, the syringe may be re?lled at any time during the 
procedure, without disconnecting tubing and without risk of 
contamination of introduction of air. 

Referring now to FIGS. 2A and 2B, a simpli?ed embodi 
ment of a limited back?ow re?ux valve operates generally 
under the principles illustrated above. but without certain 
features. Speci?cally. the simpli?ed valve 100 includes. as 
before. an outlet port 12 for connection to tubing leading to 
a catheter, a bi-directional port 14 for connection to a 
syringe, and an inlet port 16 for connection to a bulk 
container of injection ?uid. 
As in the embodiment of FIGS. lA-ID. inlet port 16 

includes a check valve barrel 36, ball 39 and spring 40 which 
collectively provide a check valve function to allow ?uid to 
?ow into valve 100 through port 16 but not outward through 
port 16. The housing of syringe 100 also includes a main 
cylindrical section 18 and a secondary section 20, and a 
piston 102 translates axially through section 18 in response 
to pressure and ?uid ?ow within valve 100. 

Unlike the embodiment of FIGS. lA-lD, however, there 
is no plunger 26 extending from piston 102; rather, piston 
102 freely moves within housing section 18 solely in 
response to ?uid pressure experienced inside of valve 100. 
Instead of a plunger. piston 102 includes an integral rear 
ward section which extends rearwardly through housing 
section 20 and terminates in a bulb 104. 

In the embodiruent illustrated in FIGS. 2A-2B, piston 102 
and bulb 104, and the connecting elastic element 106, are a 
single, integral element, formed of a ?exible material that 
can stretch resiliently to a great extent. such as silicon 
rubber. Connecting elastic element 106 provides a resilient 
force tending to move piston 102 rearwardly, as discussed 
below. To achieve this, bulb 104 is held against four ribs 107 
(see FIG. 2C), positioned within housing section 20 in a 
manner which engages bulb 104 and prevents bulb 104 from 
moving forwardly toward housing section 18. 
The forward end of housing section 18 includes, as 

before. a conical end cap 44. End cap 44 also includes ridges 
46 which. as before. extend inwardly from end cap 44 and 
prevent piston 102 from engaging fully against end cap 44, 
such that a small radial gap 47 is left between piston 102 and 
end cap 44 even when piston 102 is at its fully forward 
position shown in FIG. 2B. 

This forwardmost end of housing section 18 is enlarged in 
diameter. so that. as best seen in FIG. 2B. when piston 102 
reaches its forwardmost position, the periphery of piston 102 
is no longer able to seal against the internal surfaces of 
housing section 18, and therefore ?uid is able to ?ow around 
piston 102. through the gap 47 between piston 102 and end 
cap 44, and out of outlet port 12. So long as ?uid ?ow 
continues in this direction. piston 102 will be held against 
ridges 46 and will not re-engage the periphery of housing 
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section 18. However. if the pressure equalizes and ?uid ?ow 
discontinues. elastic pressure from elastic element 106 will 
pull piston 102 away ?'om the forwardmost end of housing 
section 18. causing the periphery of piston 102 to re-seat 
against the cylindrical walls of housing section 18 and seal 
any ?uid in end cap 44 and outlet port 12 from communi 
cation with housing section 18. 
The rearward end of housing section 18 includes a similar 

conical section. This section includes a circumferential ridge 
108 which engages piston 102 when piston 102 is at its 
rearwardmost position shown in FIG. 2A. thereby sealing 
piston 102 and ensuring there can be no ?uid ?ow around 
piston 102 when in this rearwardrnost position. 

In use, the simpli?ed limited back?ow re?ux valve 100 
performs similarly to the valve discussed in FIGS. 1A and 
1B. with the exception that there is no provision for manual 
injection using the valve. The procedure will again be 
discussed in the context of a contrast media injection. 
although other injection procedures could use valve 100 
with like results. 
As before. the ?rst step in using the valve is to ?ll the 

syringe. For this step, a bulk container of contrast media is 
coupled to inlet port 16. and the syringe is coupled to 
bi-directional port 14. Then, the power injector is run in 
reverse to withdraw air and ?uid into the syringe. This 
motion reduces the pressure inside of housing section 18 and 
20 in the region piston 102 rearward of sealing ring 24. This 

pressure drop produced by reverse operation of the 
power injector causes piston 102 to move rearwardly 
through housing section 18 to the position shown in FIG. 
2A. at which time piston 102 ceases motion. (As before. 
valve 100 is typically disposable and may be provided with 
piston 102 pre-positioned as shown in FIG. 2A.) 
Hnther pressure reduction caused by continued reverse 

operation of the power injector will overcome the compres 
sion force produced by spring 40 and cause ball 39 to 
withdraw from the outer end of check valve barrel 36. 
causing air and ?uid to ?ow from the bulk contrast media 
container into inlet port 16, through the housing of valve 
100. and out of bi-directional port 14 into the syringe. 
Thereafter. continued reverse operation of the power injector 
will cause contrast media to ?ll the power injector syringe. 
When the desired amount of contrast media has been 

drawn through valve 100 and into the syringe, the backward 
motion of the power injector is terminated. At this instant. 
the pressure inside of valve 100 is equalized. and as a result 
the compression force of spring 40 forces ball 39 to engage 
to the outward end of check valve barrel 36. sealing inlet 
port 16 from the interior of valve 100. 

After thus ?lling the power injector syringe. a length of 
high pressure tubing. for connection to the catheter. is 
attached to the outlet port 12 of valve 100. The power 
injector is then run forward to force any air in the syringe 
into valve 100 and out through the high pressure mbing. 
During this operation the power injector is typically tilted 
upwards so that any air in the power injector syringe moves 
to the nozzle of the syringe. Furthermore valve 100 may be 
tilted upward so that outlet port 12 is elevated relative to the 
remainder of valve 100 so that gravity causes any air bubbles 
entrained in valve 100 to move to and out of outlet port 12. 
As the power injector forces air and contrast media into 

valve 100 through port 14. a positive pressure is produced 
inside of the valve housing rearward of piston 102. This 
positive pressure generates a forward force upon piston 102 
urging piston forwardly ‘toward the position shown in FIG. 
213. Once piston 102 reaches the forwardmost position 

12 
shown in FIG. 2B. air and contrast media are able to ?ow 
around piston 102 and into conical end cap 44 and out of 
outlet port 12 into the tubing connected thereto. 

After su?icient forward motion of the power injector. all 
air in the syringe. valve 100 and tubing can be expelled. so 
that the system is prepared for use in injection. Accordingly. 
the tubing at outlet port 12 may be connected to the catheter 
and the catheter inserted into the patient. 

After the catheter has been properly positioned, a large 
scale injection of contrast media may be performed by 
activating the power injector. Doing so will cause contrast 
media to ?ow into valve 100 through bi-directional port 14. 
initially translating piston 102 to its forwardmost position 
and thereafter forcing ?uid ?ow around piston 102 in this 
position. 

At any time during the injection procedure. the physician 
_ may wish to withdraw blood through the catheter and into 
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the tubing to check for patency of the catheter. To do so. the 
physician operates the power injector in reverse. producing 
a negative pressure inside of the syringe. Initially. piston 102 
will be at the forward end of housing section 18, and will 
respond to this negative pressure by moving rearwardly (in 
the same manner as discussed above with respect to initial 
?lling of the syringe). drawing blood out of the patient and 
into the catheter. When blood becomes visible in the tubing. 
it can be con?rmed that the catheter is not blocked. 

Once piston 102 reaches the rearwardmost position shown 
in FIG. 2A, further rearward motion of the power injector 
will draw ?uid into valve 100 through inlet port 16 in the 
manner discussed above with respect to ?lling the syringe. 

Thus. the valve 100 permits a predetermined quantity of 
?uid (e.g.. 2 ml) to be withdraw from the patient by 
operation of the power injector. without the need for highly 
accurate operation of the power injector. Furthermore. 
because piston 102 is tightly sealed to the interior of housing 
section 18 during withdrawal, any blood withdrawn from the 
patient into valve 100 is contained within valve 100 in the 
region forward of piston 102, avoiding contamination of 
either the power injector syringe connected to port 14 or the 
bulk contrast media container connected to port 16. 

At any time during an injection, it may be discovered that 
there is insu?icient contrast media remaining in the syringe 
to complete the procedure. In such a case, the technician 
need only operate the syringe in reverse, which (after initial 
withdrawal of a limited volume of blood into the catheter) 
will cause additional contrast media to ?ow from the bulk 
container through inlet port 16 and re?ll the syringe. Thus. 
the syringe may be re?lled at any time during the procedure. 
without disconnecting tubing and Without risk of contami 
nation of introduction of air. 
The preceding illustrates limited baclc?ow re?ux valves in 

which a piston translates axially in a cylindrical housing to 
permit forward ?ow out of outlet port 12 as well as limited 
reverse ?ow into outlet port 12. However. other structures 
may be used to perform this function. 

For example. FIG. 3A illustrates a valve 110 including a 
hinged gate 112 which rotates within a ?uid channel 114 to 
permit unlimited forward ?ow and limited back?ow through 
the channel 114. 
As seen in FIGS. 3B-3D. gate 112 rotates or pivots about 

an axle 116 within housing 120 to perform these functions. 
When ?uid is expelled through ?uid channel 114 in the 
forward direction. gate 112 pivots counter-clockwise to its 
open position shown in FIG. 3C to permit ?uid to pass 
unimpeded. 
Whenever the pressure is equalized and ?uid ?ow stops. 

however. a spring 118 mounted to the axis of rotation causes 
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gate 112 to pivot clockwise to the sealing position shown in 
FIG. 3B, thus sealing the ?uid channel 114. 

Thereafter. if reverse ?uid ?ow is induced in channel 114. 
gate 112 will pivot further counterclockwise until it reaches 
the position shown in FIG. 3A. at which time gate 112 
engages the housing, preventing further pivoting and pre 
venting further ?uid ?ow. It will be noted that gate 112 
carries a sealing rim 122 which seals against the interior 
walls of the valve housing 120 and prevents ?uid ?ow 
around gate 112 when gate 112 is at or between the positions 
shown in FIGS. 3A and 3B. 
As seen in FIG. 3D. a torsional spring 118, attached to the 

axle 116 of gate 112, returns gate 112 to the position shown 
in FIG. 33 by applying a counter-clockwise torque to gate 
112. 
The limited back?ow check valve structure shown in 

FIGS. 3A-3D, or any other valve structure achieving these 
functions. could therefore be substituted for the piston 102 
and main cylindrical housing section 18 in the embodiment 
of the invention shown in FIG. 2A-2B and achieve similar 
results. 

While the present invention has been illustrated by a 
description of various embodiments and while these 
embodiments have been described in considerable detail. it 
is not the intention of the applicant to restrict or in any way 
limit the scope of the appended claims to such detail. 
Additional advantages and modi?cations will readily appear 
to those skilled in the art. For example, any one of the valve 
structures described above could be integrally manufactured 
with a bulk container of contrast media, or a disposable 
syringe. or both, simplifying assembly and reducing cost. 
The various functional elements of the valve could be 
incorporated in a single housing, as shown in the Figures. or 
in separate housings interconnected by tubing. Furthermore. 
a cupped valve structure could be used in the simplified 
valve of FIGS. 2A-2B. thus permitting ?uid ?ow around the 
piston in the manner discussed above with reference to 
FIGS. lA-lB without necessitating the inclusion of an 
enlarged region in the main cylindrical housing section 18 
(although such an approach might require manufacture of a 
two-piece piston such as is shown in FIGS. lA-IB). 
Moreover. other plunger locln'ng structures could be used in 
place of those illustrated in FIGS. 1A and 1B, for example 
a friction-engagement lock in place of a toothed lock. Also, 
the valve may be supplied pre-?lled with contrast to simplify 
the procedures for connection and use of the valve. 
The invention in its broader aspects is therefore not limited 
to the speci?c details, representative apparatus and method, 
and illustrative example shown and described Accordingly. 
departures may be made from such details without departing 
from the spirit or scope of applicant's general inventive 
concept. 
What is claimed is: 
1. A limited back?ow re?ux valve for injecting ?uid from 

a syringe into a patient. comprising: 
a housing, 
an inlet port in said housing. 
an outlet port in said housing. 
a bi-directional port in said housing, 
a ?rst check valve permitting ?uid ?ow only from said 

inlet port to said bi-directional port through said 
housing. and 

a second check valve permitting ?uid ?ow from said 
bi-directional port to said outlet port through said 
housing. and permitting only a predetermined limited 
volume of ?uid to bacldlow ?'om said outlet port into 
said limited back?ow re?ux valve housing, and pre 
venting any further back?ow into said limited back?ow 
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14 
re?ux valve housing from said outlet port beyond said 
limited volume. 

2. The limited bacldiow re?ux valve of claim 1, wherein 
said predetermined limited volume is at least 0.01 ml. 

3. The limited back?ow re?ux valve of claim 1 wherein 
said housing of said limited baclc?ow re?ux valve is 

cylindrical. and 
said second check valve comprises a piston ?tted in said 

cylindrical housing for translation through said cylin 
drical housing during forward and reverse ?ow of ?uid 
through said outlet port. 

4. The limited back?ow re?ux valve of claim 3 wherein 
an end of said cylindrical housing includes ribs engaging 

said piston and preventing said piston from translating 
fully to said end of said cylindrical housing, ensuring 
free ?ow of ?uid around said piston while said piston 
is at said end of said cylindrical housing. 

5. The limited bacldiow re?ux valve of claim 3 wherein 
said piston has a ?rst side and a second side. said piston 

engaging said cylindrical housing along a circtunfer 
ential boundary between said ?rst side and said second 
side. 

said inlet port and said bi-directioual port and said ?rst 
check valve are mounted to said limited back?ow 
re?ux valve at a ?rst end of said cylindrical housing 
opposite said ?rst side of said piston, and 

said outlet port is mounted to said limited back?ow re?ux 
valve at a second end of said cylindrical housing 
opposite said second side of said piston. 

6. The limited baclc?ow re?ux valve of claim 5 wherein 
said cylindrical housing is enlarged at said second end, 
permitting ?uid ?ow around said piston when said piston is 
at said second end of said cylindrical housing, whereas at 
any other position of said piston within said cylindrical 
housing, said piston circumferentially seals to said cylindri 
cal housing. preventing ?uid ?ow around the piston. 

7. The limited back?ow re?ux valve of claim 6 further 
comprising an elastic element attached to said piston and 
springably urging said piston toward said first end of said 
cylindrical housing and away from said second end of said 
cylindrical housing. 

8. The limited bacldlow re?ux valve of claim 7 wherein 
said elastic element generates a spring force that, in the 
absence of a pressure diiference on opposite sides of said 
piston, is su?icient to move said piston toward said ?rst end 
of said cylindrical housing and out of said enlarged region 
of said second end, but is not su?icient to move said piston 
fully to said ?rst end of said cylindrical housing. 

9. The limited back?ow re?ux valve of claim 6 wherein 
said second end of said cylindrical housing includes ribs 
engaging said piston and preventing said piston from trans 
lating fully to said second end of said cylinch'ical housing. 
ensuring free ?ow of ?uid around said piston while said 
piston is at said second end of said cylindrical housing. 

10. The limited back?ow re?ux valve of claim 5 wherein 
piston is cupped at its circumferential boundary to permit 
?uid ?ow from said ?rst side of said piston to said second 
side of said piston but prevent ?uid ?ow from said second 
side of said piston to said first side of said piston. 

11. The limited bacldlow re?ux valve of claim 10 wherein 
said second end of said cylindrical housing includes ribs 
engaging said piston and preventing said piston from trans 
lating fully to said second end of said cylindrical housing. 
ensuring free ?ow of ?uid around said piston while said 
piston is at said second end of said cylindrical housing. 

12. The limited back?ow re?ux valve of claim 10 further 
comprising a plunger attached to said piston and extending 
externally of said cylindrical housing to permit manual 
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translation of said piston through said cylindrical housing to 
manually inject ?uid out of said outlet port. 

13. The limited baclc?ow re?ux valve of claim 12 further 
comprising a lock mounted externally to said housing and 
movable to a ?rst position to permit motion of said plunger 
within said housing and to a second position to prevent 
motion of said plunger within said housing. 

14. The limited back?ow re?ux valve of claim 13 wherein 
said lock when in said second position, permits motion of 
said plunger and piston through a limited range of motion in 
which said piston is proximate said second end of said 
cylindrical housing. but prevents motion of said plunger and 
piston outside of said limited range. 

15. The limited back?ow re?ux valve of claim 13 wherein 
said plunger includes a toothed surface, and 
said lock comprises a mating tooth on a surface of said 

lock for engaging into said toothed surface. 
16. The limited back?ow re?ux valve of claim 1 wherein 

said second check valve comprises a gate mounted for 
rotation within said housing, said gate rotating in a ?rst 
direction to permit unlimited ?uid ?ow out of said housing 
through said outlet port, said gate rotating through a limited 
angle in a second angular direction opposite to said ?rst 
direction to permit a limited volume of ?uid ?ow into said 
housing througr said outlet port. 

17. The limited baclc?ow re?ux valve of claim 16 further 
comprising a spring member for urging said gate to a 
predetermined angular position within said housing to seal 
said second check valve in the absence of ?uid ?ow out of 
said outlet port through said second check valve. 

18. A limited back?ow check valve comprising 
a housing. 
an inlet port in said housing, 
an outlet port in said housing, 
a sealing element mounted within said housing between 

said inlet and outlet ports, 
said sealing element movable in said housing from a 

?rst position to a second position within said 
housing. 

said sealing element permitting ?uid ?ow from said 
inlet port to said outlet port through said housing at 
least when in said ?rst position, 

said sealing element forming and maintaining a seal 
preventing ?uid ?ow from said outlet port to said 
inlet port while said sealing element is in said ?rst 
position, while said sealing element is in said second 
position. and while said sealing element is in motion 
between said ?rst position and said second position, 

said sealing element displacing a predetermined limited 
volume of ?uid between said ?rst and said second 
position which can back?ow into said outlet port. 

19. The limited back?ow check valve of claim 18. 
wherein said sealing element displaces a volume of ?uid 
between said ?rst and said second position which is at least 
0.01 ml. 

20. The limited back?ow check valve of claim 18 wherein 
said housing is a cylindrical housing, and 
said sealing element comprises a piston ?tted in said 

cylindrical housing for translation through said cylin 
drical housing during forward and reverse ?ow of ?uid 
through said outlet port. 

21. The limited back?ow check valve of claim 20 wherein 
said cylindrical housing is enlarged at an end proximate said 
outlet port. permitting ?uid ?ow around said piston when 
said piston is at said end of said cylindrical housing. whereas 
at any other position of said piston within said cylindrical 
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housing, said piston circumferentially seals to said cylindri 
cal housing, preventing ?uid ?ow around said piston. 

22. The limited back?ow check valve of claim 21 further 
comprising an elastic element attached to said piston and 
springably urging said piston away from said outlet port. 

23. The limited back?ow check valve of claim 22 wherein 
said elastic element generates a spring force that, in the 
absence of a pressure dilference on opposite sides of said 
piston, is su?icient to move said piston away from said 
outlet port and out of said enlarged region. but is not 
su?cient to move said piston once said piston circumferen 
tially seals to said cylindrical housing. 

24. The limited baclc?ow check valve of claim 21 wherein 
said end of said cylindrical housing includes'ribs engaging 
said piston and preventing said piston from translating fully 
to said end of said cylindrical housing. ensuring free ?ow of 
?uid around said piston while said piston is at said end of 
said cylindrical housing. 

25. The limited back?ow check valve of claim 20 wherein 
said piston is mounted in said cylindrical housing with a 

?rst side oriented toward said inlet port and a second 
side oriented toward said outlet port. and 

said piston comprises a circumferential boundary engag 
ing said cylindrical housing, and said piston is cupped 
at its circumferential boundary to permit ?uid ?ow 
from said ?rst side of said piston to said second side of 
said piston but prevent ?uid ?ow from said second side 
of said piston to said ?rst side of said piston. 

26. The limited back?ow check valve of claim 25 wherein 
an end of said cylindrical housing proximate said outlet port 
includes ribs engaging said piston and preventing said piston 
from translating fully to said end of said cylindrical housing, 
ensuring free ?ow of ?uid around said piston while said 
piston is at said end of said cylindrical housing. 

27. The limited baclr?ow check valve of claim 25 further 
comprising a plunger attached to said piston and extending 
externally of said cylindrical housing to permit manual 
translation of said piston through said cylindrical housing to 
manually inject ?uid out of said outlet port. 

28. The limited back?ow check valve of claim 27 further 
comprising a lock mounted externally to said housing and 
movable to a ?rst position to permit motion of said plunger 
within said housing and to a second posin'on to prevent 
motion of said plunger within said housing. 

29. The limited back?ow check valve of claim 28 wherein 
said plunger includes a toothed surface, and 
said lock comprises a mating tooth for engaging into said 

toothed surface. 
3t). The limited back?ow check valve of claim 28 wherein 

said lock, when in said second position, permits motion of 
said plunger and piston through a limited range of motion in 
which said piston is proximate said outlet port, but prevents 
motion of said plunger and piston outside of said limited 
range. 

31. The limited baclr?ow check valve of claim 18 wherein 
said sealing element comprises a gate mounted for rotation 
within said housing, said gate rotating in a ?rst direction to 
permit unlimited ?uid ?ow out of said housing through said 
outlet port, said gate rotating through a limited angle in a 
second angular direction opposite to said ?rst direction to 
permit a limited volume of ?uid ?ow into said housing 
through said outlet port. 

32. The limited back?ow check valve of claim 31 further 
comprising a spring member for urging said gate to a 
predetermined angular position within said housing to seal 
said second check valve in the absence of ?uid ?ow out of 
said outlet port through said second check valve. 

* * * * * 


